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Introduction

Differences in genomic copy numbers have been
known and studied for many years'?2, with increasing
evidence that small chromosomal imbalances leading
to genomic copy number variation (CNV) are common
phenomena, affecting as much as 12 % of the human
genome3. In addition to reports of the presence of
CNVs in healthy individuals?, many studies have
associated CNVs with disease phenotypes, particularly
for neurobiological conditions such as autism?®

and schizophrenia®.

Large association studies or family (trio) based

genetic analyses are required to elucidate the genetic
components for these complex diseases, often
requiring thousands of patient and control samples.
Traditional genotyping methods, such as karyotyping
and fluorescent in situ hybridisation (FISH), do not offer
the resolution or throughput required for these
investigations, creating a need for new techniques
permitting highly accurate, reproducible and sensitive
screening of CNVs in a high throughput format.

Several novel technologies now exist which enable
genome-wide association studies (GWAS) for CNV
analysis, with oligonucleotide microarray-based
comparative genomic hybridisation (aCGH) now
considered the gold standard technology for this
application’. One of the major advantages of aCGH

is the potential to custom design probes for a specific
genomic region, offering virtually single base resolution.

Methods

Until recently, aCGH has only been used for CNV
analysis of small numbers of samples, as scale-up of
these manual techniques is technically challenging,
time consuming and has the potential for high levels
of experimental error. The major restrictions of these
techniques include:

e absence of accurate and reproducible digestion,
labelling and hybridisation protocols for liquid
handling robotics;
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e dependency on single column purification for
unincorporated dye removal;

e difficulty in tracking all samples, reagent batches,
arrays and equipment;

* need for suitable ozone monitoring and control;

e absence of reproducible multiple slide washing
protocols for automated systems;

e large computational capability required for analysing,
storing and creating back-ups of large quantities of
raw and processed data.

Oxford Gene Technology (OGT), in collaboration with
Agilent Technologies, has developed an aCGH protocol
to permit high throughput analysis. OGT’s high
throughput microarray facility is capable of analysing in
excess of 1,250 samples and references a week, with a
modular design to allow future scale-up of capacity as
required. The high throughput microarray service
protocol incorporates:

e automated pipetting protocols to replace all manual
pipetting steps, minimise experimental error and
ensure optimal reproducibility;

* 96-well format batch processing dye removal
protocol, increasing reproducibility and minimising
the risk of sample mix-up;

e a proprietary, flexible laboratory information
management system (LIMS) to track samples,
reagents and equipment throughout the procedure
that also includes automated analysis and QC
assessment, as well as built-in validation steps.
Spurious results are immediately highlighted,
allowing prompt corrective measures to safeguard
precious samples;

e an ozone-monitored and controlled environment
(< 5 ppb) to prevent fluorescent signal degradation,
reducing the chance of variability and potential
data loss;

e automated washing workstations, using specific
batch processing protocols for Agilent aCGH slides,
reducing variability and increasing reproducibility;



e immediate back-up of TIFF images for all processed
arrays, with real-time feature extraction, ensuring
data is securely stored at multiple on- and off-site
locations;

e electrical supply protection, with a back-up generator
on site, minimising delays and reducing the risk to
precious samples;

e GLP-like working practices, with 20 LIMS-tracked
sample QC steps, > 30 in-process QC steps and 15
manager sign off/validation steps.

Results

OGT recently used its high throughput technology to
process in excess of 22,000 samples under very
demanding timelines, generating almost 3 billion data
points to exacting quality requirements.

A majority of the samples were part of the Wellcome
Trust Case Control Consortium (WTCCC) CNV studys?.
This is the world's largest CNV study — involving 24
leading human geneticists — using DNA samples from
over 21,000 patients and controls to identify genetic
variants influencing susceptibility to diseases, including
tuberculosis, coronary heart disease, types 1 and 2
diabetes, rheumatoid arthritis, Crohn’s disease, bipolar
disorder, autoimmune thyroid disease, ankylosing
spondylitis, multiple sclerosis, breast cancer and
hypertension.

An internal control was run on every plate to
continually monitor the quality and performance of
the high throughput processing, with over 40 quality
control checks performed and documented for each
sample, providing evidence of the excellent QC metrics
of the workflow (see table 1 and figures 1-5).
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Table 1 Agilent array QC metrics for the

internal control from over 400 plates
of aCGH data.

This demonstrates the excellent QC metrics of OGT's
high throughput protocols and workflow across the
broad spectrum of array quality metrics monitored over
a large number of samples.

Metric measured % passed excellence criteria
Derivative log ratio spread 98
Background noise green 99
Background noise red 99
Signal intensity green 100
Signal intensity red 100
Signal-to-noise green 99
Signal-to-noise red 99
05— DLR Spread
0.4 :::FE:,; purifcation POOR
b : . GOOD
I TRV Mt sttt sttt
0.1 EXCELLENT
Aw ! Time s

Figure 1 Derivative log ratio spread (DLRS) of
control samples run on more than
400 plates.

This metric is a measure of the reliability of the data to
detect and call CNV aberrations. Data illustrated is from
19 weeks of a high throughput CNV project showing a
98 % pass rate of control samples run on every plate.
Where there is deviation from excellent data, the
causative piece of equipment or consumable can be
rapidly identified using OGT's bespoke LIMS and
removed from the processing, ensuring an immediate
return to high quality data.
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Figure 2 Signal intensity of control samples over

a period of 19 weeks where more than
400 plates were processed.

Signal intensity is consistently high and gives excellent
QC metrics (based on Agilent QC metrics) throughout
the 19 weeks of processing through OGT's high
throughput protocols and workflow. This allows
consistent, reproducible generation of data throughout
large scale projects.
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Figure 3 Signal-to-noise ratio of control samples.

Signal-to-noise is consistently excellent (based on
Agilent QC metrics) throughout 19 weeks (> 400
plates) of processing. This ensures optimal dynamic
range of data, enabling greater confidence in CNV
calling throughout large scale projects.

Figure 4 Screenshot of the CytoSure™
Interpret software.

Indicating a ~ 1 Mb deletion in a known CNV region
on chromosome 15. Multiple samples can be loaded
into the database to allow population distribution
analysis of CNVs.

Figure 5 Screenshot of the CytoSure Interpret
software indicating a CNV detected in a
number of different samples (population).

Multiple samples can be loaded into the database and
viewed simultaneously. This allows the population
distribution of specific CNVs to be displayed. The
length and localisation of the identified CNV can be
shown for each sample (as displayed in the lower
sample track in the software).



Conclusions

OGT processed over 20,000 samples from the
landmark WTCCC CNV study in 20 weeks, using
state-of-the-art automated processing to achieve
exceptional data quality from custom whole-genome
human CNV-focussed microarrays (developed by
Agilent) throughout the entirety of the project.

OGT is committed to providing high quality data for a
variety of high throughput microarray applications,
including miRNA, methylation, gene expression and
aCGH, and many scientists have benefited from OGT's
bespoke microarray service, from array design and
synthesis through to bioinformatics support and

data analysis.
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